The search for non-centrosymmetric superconductors that may exhibit unusual physical properties and unconventional superconductivity has yielded the synthesis of a non-centrosymmetric phosphide Mg2Rh3P with an Al2Mo3C-type structure. Although stoichiometric Mg2Rh3P does not exhibit superconductivity at temperatures above 2 K, we found that an Mg deficiency of approximately 5 at.% in the Mg2Rh3P induced superconductivity at 3.9 K. Physical properties such as the lattice parameter a = 7.0881 Å, Sommerfeld constant gn = 5.36 mJ mol −1 K −2 , specific heat jump DCel/gnTc = 0.72, electron-phonon coupling constant le-p = 0.58, upper critical field Hc2(0) = 24.3 kOe, and pressure effect dTc/dP = −0.34 K/GPa were measured for the superconducting Mg2−δRh3P (δ ~ 0.1). Band-structure calculations indicate that exotic fermions, which are not present in high-energy physics, exist in Mg2Rh3P. Since Mg, Rh, and P are the first elements used at each crystal site of Al2Mo3C-type compounds, the discovery of Mg2Rh3P may guide the search for new related materials.
I. INTRODUCTION
Non-centrosymmetric superconductors (NCS) whose crystal structures lack inversion symmetry have attracted significant attention because of their potential as a platform for novel physical phenomena, as well as the possibility for unconventional superconductivity. [1, 2] Besides the exploration of intriguing physical properties, it is also important to expand the variety of NCS compounds. Compounds of the form A2M3X, with an Al2Mo3C-type structure (P4132, space group no. 213), do not have inversion symmetry. Figure 1 shows the schematic crystal structure of the A2M3X compound type. Its structure consists of a threedimensional network of corners sharing M6X octahedrons. The M6X octahedrons are significantly distorted because two A atoms are located in the space surrounded by the octahedrons. When one A atom occupies the space, the structure becomes a socalled "anti-perovskite AXM3" that typically has the Pm-3m space group.
Compounds (a)-(g) in Table 1 are Al2Mo3C-type superconductors identified before this study. These superconductors are attractive in terms of both theoretical physics and application-based perspectives. The superconducting state of Li2Pt3B has been shown to include a spin-triplet component by nuclear magnetic resonance (NMR) spectroscopy [ 3 ] , while Li2Pd3B appears to be spin-singlet.
Al2Mo3C is a strong-coupled superconductor that deviates from Bardeen-Cooper-Schrieffer (BCS)type behavior [ 4 ] , with a relatively high critical temperature (Tc = 9.3 K) and high upper critical field Hc2(0) (= 150 kOe) [5] . Moreover, the A2M3X crystal structure is attracting interest, as it has been shown that a new type of quasiparticle referred to as an exotic fermion exists in Li2Pd3B [6] . This new type of quasiparticle may provide a novel platform for topological quantum devices. These results suggest that the decomposition of Mg2Rh3P most likely occurs when the Mg deficiency exceeds a certain upper limit.
As shown in

III. EXPERIMENTS AND METHODS
Powder X-ray diffraction (XRD) patterns were obtained at room temperature using a diffractometer (Rigaku, Ultima IV) with CuKa radiation. Crystal structures of the samples were refined via Rietveld [17] . Magnetization (M) measurements were performed under magnetic fields (H) using a magnetic-property measurement system (Quantum Design, MPMS-XL7). Electrical resistivity and specific heat (C) were measured by the four-probe method, using a physical-property measurement system (Quantum Design, PPMS).
The compositions of the samples were analyzed by energy-dispersive X-ray (EDX) spectrometry (Oxford, SwiftED3000) using an electron microscope (Hitachi High-Technologies, TM3000).
The Tc was measured under pressures of up to 1.5
GPa using a piston-cylinder pressure cell (Electro Lab, MLPC-15). Daphne oil 7373 was used as a pressure-transmitting medium. The applied pressure was determined by a Pb manometer that was placed adjacent to the sample.
First-principles electronic band structure calculations were also performed using the fullpotential linearized augmented plane-wave method and generalized gradient approximation for the exchange-correlation potential [18, 19] . Spin-orbit interaction was included in the calculations. Details of our calculations are provided in a previous work [20] .
IV. RESULTS AND DISCUSSION
The experimental results were obtained for NS- C. Superconductivity Helfand-Hohenberg (WHH) theory [22, 23] was used to fit the data. The WHH fit is indicated by the dashed curve in the inset of the figure. Hc2(0) is estimated to be 24.3 kOe using Hc2(0) = 0.69Tc(dHc2/dT)Tc (dirty limit). This Hc2 (0) is considerably smaller than the Pauli limit HP (= 1.86 × Tc) of ~70 kOe [24, 25] , suggesting that the upper critical field is limited by orbital pair breaking (Maki parameter αM < 1/√2 [26] ) in SC-Mg2−δRh3P. If we examine the behavior of Hc2 in more detail, Hc2 appears to deviate slightly upward from the WHH curve below t ~ 0.8. Such behavior is also observed in some NSCs [11, 27, 28] . To obtain a more detailed analysis, measurements of Hc2 at lower temperatures (< 2 K) are necessary.
The Ginzburg-Landau coherence length ξ0 is calculated to be 116 Å employing Hc2
where F0 is the magnetic flux quantum. However, the decrease in volume by the Mg deficiency was only 0.067% (see Table II [6] . Figure 9 shows part of the band structure of NS-Mg2Rh3P near the Fermi level.
The crystal structure of the NS-Mg2Rh3P belongs to space group #212 or #213, which can have 6-fold degenerated exotic fermions at the R(p/a, p/a, p/a) point [6] . Along the R-X axis, all the bands are doubly degenerated because of the crystal symmetry.
Moreover, each band along this line forms a "pair".
In the limit of zero spin-orbit interaction, this splitting becomes zero. The size of the splitting is seen, for example, in the dashed square in Fig. 9 . As shown, the magnitude of this splitting depends on the wave vector, but we can estimate the average splitting is similar to that in Li2Pd3B [6] and much smaller than that in Li2Pt3B [22, 30 ] . This result for NS-Mg2Rh3P. The unit of vertical axis is eV. The dashed circle shows the exotic fermion, which is the same type of quasiparticle as in Li2Pd3B [6] . The dashed square shows the band splitting arising from the lack of inversion symmetry and the spin-orbit interaction.
V. CONCLUSION
We succeeded in synthesizing the new ternary phosphide Mg2Rh3P, with the Al2Mo3C-type structure, in both superconducting and nonsuperconducting states. We demonstrated that the superconductivity of Mg2Rh3P is induced by Mg deficiency, and that the superconductivity can be controlled by the synthesis conditions, which may be useful in device fabrication. We revealed the basic physical parameters of SC-Mg2−δRh3P, as summarized in Table III , together with a determination of its electronic structure. There are issues regarding the behavior of Hc2 and the specific heat below 2 K that remain unanswered and require further study. Searching for new Mg2Rh3P-related compounds is also an interesting task left for a future study. 
